Cytokines play a critical role in mediating inflammation and immune response. First, cytokines play a critical role in the recognition of pathogens through the innate immune response. Proinflammatory cytokines such as TNF-α play a critical role in enabling cells of the immune system to gain access to the site of infection and mediate the destruction of pathogens. Following initial pathogen recognition, the adaptive immune system is potentiated by cytokines produced by the innate immune system in conjunction with the recognition of pathogens through pattern recognition receptors, such as Toll-like receptors. In the adaptive immune response T cells differentiate into so-called effector cells which mediate immune protection from pathogens.
CD4 T cells play a critical role in the adaptive immune response both by mediating direct protection for a variety of pathogens, including intracellular pathogens and large extracellular parasites, as well as providing help for B cells to generate antibodies against a variety of infectious agents. Given the diversity of these pathogens it is perhaps not surprising that CD4 T cells have compartmentalized their responses into different pathways. Thus, Th1 cells, the first kind of effector
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Sterling Professor and Chairman, Section of Immunobiology Investigator, Howard Hughes Medical Institute Yale University, USA T cell, generate IFN-γ and LT-α cytokines which mediate protection from intracellular pathogens such as Mycobacteria species (the causative agent of tuberculosis). Th2 cells, cells of the second pathway, produce cytokines such as IL-4, 5 and 13, which play a crucial role in the elimination of large extracellular parasites. Finally, excessive cytokine production both during the innate and adaptive immune responses leads to pathology. Thus, inflammatory autoimmune diseases such as rheumatoid arthritis, T1 DM and so on, result from an over exuberant Th1 response and the cytokine TNF-α has been shown to be critical in mediating tissue destruction in this crippling disease. The most dramatic demonstration of this is the therapeutic effect of blocking TNF-α in these diseases. In contrast, excessive Th2 responses leads to atopic diseases such as a variety of allergies and asthma. Therapies directed at these targets are currently under evaluation for these diseases
Role of inflammatorv cvtokines
The laboratory of Flavell et al pioneered the study of the role of inflammation in autoimmunity. Using transgenic models they expressed the inflammatory cytokine TNF-α in the islets of Langerhans. This led to the development of a profound inflammatory state, leading to recruitment of numerous cells of the immune system to that tissue. Under normal circumstances, in a non genetically predisposed host, this inflammation does not precipitate dramatic autoimmunity, 1,2 but on an NOD genetically susceptible background TNF-α production leads to an exacerbation of diabetes. They found that this exacerbation was a consequence of the potentiation by TNF-α of antigen presentation of autoreactive T cells. 3 The production of cytokines in response to pathogens is mediated by recognition of pathogens by Toll-like receptors (TLRs). Alexopolou et al have identified the role of several such TLRs by using immunogenic to be eliminated by immune response. Normally, mice that carry such tumors die from cancer. Golerik and Flavell found that mice which carry T cells that cannot be inhibited by TGF-β can eradicate such tumors by the strongly protective immune response. 7 Thus, protection against overaggressive inflammation by TGF-β is a double-edged sword. Insufficient activity of TGF-β leads to autoimmunity and inflammatory bowel diseases. Over exuberant production of TGF-β, however, dampens autoaggressive responses but renders an organism more susceptible to infectious agents 8 and defeats the ability of the immune system to fight cancers. Nature has developed a fine balance of TGF-β control over evolutionary time to optimize this for the mammalian host.
Production of cytokines by effector T cells: molecular mechanisms
The production of cytokines by Th1 and Th2 cells is a critically important mechanism which provides protective immunity. However, the molecular mechanisms that underlie this process have been until recently poorly understood. Flavell's laboratory has contributed to this work in a number of ways. Focusing on the Th2 pathway in which naive T cells differentiate into Th2 effector cells, leading to the production of IL-4, 5, 13 and numerous other cytokines, they have addressed the mechanisms whereby this occurs. The fundamental issue that required resolution is how recognition by pathogen is translated into the appropriate effector response, and what molecular mechanisms inside the developing Th2 cell mediate these effects. In other words, what is the language used to translate pathogen recognition into the correct immune response?
They found that pathogens recognized by dendritic cells cause upregulation of expression of ligands of the Notch pathway. Thus, pathogens that lead to a Th2 response lead to the expression of Jagged. Jagged is in turn interpreted by the T cell to develop into a Th2 response. How is the Th2 response itself generated? They found that the key transcription factor which triggers the Th2 response is the zinc finger factor GATA3. When GATA3 is induced in the a genetic approach with gene targeting in mice. Thus, they found that TLR3 recognized double strand RNA which is normally produced by viral infection. 4 Resistance to virus is mediated by type 1 interferons IFN-α and IFN-β. In a satisfying explanation, TLR3 stimulation leads to the synthesis of IFN-β and IFN-α, thereby potentiating the antiviral response. This response too can play a role in pathology as far as resistance to infection is concerened. Thus, TLR3 knockout mice are less susceptible to lethal encephalitis than their wildtype counterparts when infected with the West Nile virus. West Nile virus, a flavivirus, infects humans and causes lethal encephalitis in a few individuals. A mouse model can recapitulate this disease. We found that infection of mice in peripheral sites (for example, the peritoneum) leads to viremia and in wild type mice, virus then penetrates the bloodbrain barrier, enters the brain and kills the animals through this lethal encephalitis. However, TLR3-/-mice are not susceptible to this. The explanation lies in the response of mice to viral recognition. When virus is recognized by TLR3, cytokines including TNF-α are produced. This TNF-α opens the blood-brain barrier endothelium allowing virus to penetrate the brain and encephalitis to result. TLR3 mice do not produce TNF α in significant levels and therefore the blood-brain barrier remains intact and the mice survive. 5 Negative regulation of immune response by cytokines Inflammatory immune responses must ultimately be contained, and at the end of an immune response to be eliminated to return to tissue homeostasis. Otherwise, the host will die, not from infection but instead from the overaggressive immune response. The cytokine TGF β plays a critical role in suppressing autoaggressive responses. Golerik and Flavell have shown that in the absence of this TGF-β system, T cells become overly aggressive and spontaneous autoimmune disease is developed in mice which are not normally genetically susceptible to autoimmunity. 6 This overaggressive immune response can, however, be utilized practically to mediate protection against tumors which are normally not sufficiently Th2 cell at high level, the precursor cell becomes a Th2 cell and expresses the cytokines IL-4, 5 and 13. 9 Thus, GATA3 is necessary and sufficient to cause Th2 differentiation. The language of recognition of the pathogen and the downstream transcription factor is connected through Notch ligand recognition. Following recognition by Jagged, Notch induces the expression of GATA3 as well as directly inducing the expression of IL-4 by targeting specific cis-acting elements on the IL-4 locus. 10 Thus, collaboration between Notch and GATA3 drives cells to differentiate into Th2 cells.
How then does the chromosome interpret these signals from GATA3 and Notch? Splianakis and Flavell have found recently that the IL-4 locus is present in a tightly folded, poised structure which is already present in the naive T cell nucleus and which recognizes GATA3 and responds by the production of cytokines.
11 Astoundingly, the Th2 complex which is present on chromosome 11, is found in an interchromosomal complex with the IFN-γ locus present on chromosome 10. Thus, the loci which are alternatively expressed in Th1 and Th2 cells, are complexed in a way that is believed to coordinate expression of these genes. 12 This mechanism will undoubtedly prove to be general to multiple gene systems and we believe that the discovery of interchromosomal gene interactions reveals a new way in which gene regulation can be mediated in the cell nucleus. This provides an additional level of complexity and control on gene expression, which greatly exceeds the prior understanding of workers in the field. Thus, regulatory elements on DNA do not have to only be considered in a linear stretch on a single chromosome, but instead can be controlled by interaction of regulatory elements between chromosomes.
Conclusion
Work over the last several decades by Flavell's laboratory has contributed significantly to the elucidation of cytokine gene expression, cytokine function and control of cytokine response. There remain, however, many interesting and exciting areas to study for the future.
